Introduction
Atholl Anderson has long been interested in the big questions surrounding pre-European population movement in the Asia-Pacific. For the most part, though, his publications have concentrated on the initial settlement of Remote Oceania, and particularly Polynesia, rather than either the Austronesian progression through Southeast Asia or the Lapita spread through Near Oceania. In this chapter, I would like to return to his 2001 consideration of Lapita mobility, where he asked (Anderson 2001:21) whether the large-scale pattern of episodic movement he identified in Remote Oceania could be linked at a processual level with the Lapita spread through already-inhabited parts of Melanesia and preceding population movements in Asia.
I have two aims in addressing this question. The first is to begin to explore the potential of a new way of characterising and explaining the Lapita phenomenon. My focus is on a type of episodic movement known as a 'Lévy flight'. My second aim is to consider whether the patterns and processes I discuss in this connection can be meshed with Anderson's models concerning punctuated or episodic colonisation. The objective is to help test the processual links he proposes between varying patterns or cycles of mobility stretching all the way from South China to South Polynesia. I am particularly interested to know whether the presence of existing populations in northwestern Melanesia really made any difference to the process underlying the large-scale, long-term movement of people that eventually saw the colonisation of Remote Oceania, or whether there is, to put it in Anderson's words (2001:21) , 'an inherent trajectory in island colonisation which is … self-sufficient in its processes and causes and which, if all islands were the same, would display a regular pattern of binary mobility phases?'. past two decades, fractals have only come to the attention of archaeologists over the past few years. To quote from one of the handful of papers on the matter:
Fractal geometry is the study of the form and structure of complex, rough, and irregular phenomena. In the past, many fractal patterns were mistakenly treated as if they were non-fractal. In such cases, the patterns have typically been analysed using conventional statistics, which often assume that the variation in the pattern is caused by normally distributed (Gaussian) effects. When the patterns are really fractal, classical statistical modelling yields faulty results that do not properly characterize the data. (Brown et al. 2005:40) Lévy flights are a form of fractal geometry named after the French mathematician Paul Lévy. They characterise certain uneven patterns of diffusion. To paraphrase Brown et al. (2005 Brown et al. ( , 2007 also Ravilious 2006) , they are a form of random walk. In Brownian motion, the best-known kind of random walk, the sizes of the steps are normally distributed (Figure 1 ). Over time, this gives an even, 'wave-of-advance' dispersal pattern like Ammerman and Cavalli-Sforza's (1971; also Ackland et al. 2007 ) well-known model for the expansion of agriculturalists into Europe, Keegan's (1995) 'K-type pattern' of settlement in the Caribbean, and, of most direct relevance here, Irwin's (1992) In contrast, Lévy flights exhibit step lengths with distributions characterised by 'power-law tails' (Figure 1) . Essentially, this means the distributions are characterised by groups of small steps indicative of intense, localised activity that are joined by occasional very large steps that jump across large areas in which no groups of small steps occur (Figure 4 ). This feature causes what is called anomalous diffusion or super diffusion; it results, in other words, in extremely rapid dispersal. Because of the power-law distribution of step lengths, Lévy flights produce fractal patterns in space. This has certain implications, the most important of which here is that they are 'scale invariant' and so exhibit what are called 'self-similar' patterns at all scales (i.e. local, regional, global).
Why is any of this relevant to the Lapita dispersal? I think it is pertinent to our consideration of three factors:
• the speed of the Lapita spread,
• its unevenness or patchiness at both regional and subregional scales, and 
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• the way it might link through scale-invariance with Anderson's models concerning the punctuated colonisation of the remote Pacific.
I will discuss the last point in a separate section towards the end of the chapter. Regarding speed, Anderson (2001:16) has pointed out that the Norse colonisation of the North Atlantic and the colonisation of East Polynesia were 'rather faster' than the Lapita dispersal. Yet as he concedes immediately after making that observation, it is still generally agreed that the Lapita spread was very rapid, archaeologically speaking.
By regional patchiness I mean the large gaps in the distribution of classic Lapita on the New Guinea mainland and in the Solomons. Anderson (2001:16) [T]he broad pattern of current distributional data has remained much the same for more than 20 years, suggesting that it is not just on grounds of relative site recording intensity that the density of sites on the coasts of large islands is lower than on small islands throughout the Lapita range, or that mainland New Guinea, and perhaps the main Solomon Islands, are largely bereft of Lapita sites (especially early Lapita sites).
More recently, and in contrast with the views of Felgate (2007) , Sheppard and Walter (2006:67-68) have made it clear that on the basis of their current research, they also think the initial Lapita dispersal bypassed the main Solomons chain: [T] here is no evidence for early Lapita settlement in the Solomon Islands outside the record in Remote Oceania -primarily that in the Reef/Santa Cruz Islands … Based on the archaeological, genetic and linguistic data, it seems evident that the Reef/Santa Cruz Islands were settled directly by populations from New Britain with whom on-going relations were retained, while leapfrogging the Solomon Islands.
To anticipate discussion below, it is interesting in this context to note that people from Vanuatu may have 'jumped' all the way to Tonga in West Polynesia, leapfrogging New Caledonia and Fiji (Dickinson 2006:119) . With regard to leapfrogging mainland New Guinea, Terrell (Terrell and Schechter 2007) has this year indicated that after considerable long-term effort, he and his colleagues have found only one minute piece of classic Lapita on the north coast of New Guinea to add to the original Aitape piece that has intrigued Pacific scholars for so long. I think on that basis that we can maintain that the New Guinea mainland was avoided by Lapita makers and users.
To turn to subregional patchiness, by this term I mean the unevenness of Lapita sitedistribution patterns within areas where Lapita sites are known. This is clear from the table in Anderson et al. (2001, which inadvertently excludes the KLK Lapita site on Tuam Island in Siassi; Lilley 2002) . To take New Britain as an example, there are groups of substantial Lapita sites in the Arawe Islands, around Talasea, and in the Watom-Duke of Yorks area, as well as a group of Lapita sites around Kandrian yet to be examined and reported in detail, but there is very little Lapita elsewhere on New Britain or its immediate offshore islands. In some places, this might result from landscape change owing to volcanism, particularly at the western end of New Britain and along the north coast from Cape Hoskins to Rabaul. In other places, it 
may result from a lack of archaeological research (the preliminary Lapita Homeland survey notwithstanding; Allen et al. 1984) . However, Specht has surveyed parts of the coastline in the Cape Gloucester area (Specht 1967) and between Arawe and Kandrian (Specht 1991) , and I have examined Umboi and the Siassi Islands, the Kove Islands and mainland New Britain immediately west of the Willaumez Peninsula (Lilley 1991) , and the New Britain mainland around Gasmata and the offshore islands between there and Kandrian (Specht et al. 1992) . I found only minor quantities of Lapita, and Specht found none around Gloucester and only one site (Kreslo) on the south coast.
Examining the distribution of Lapita sites in the New Ireland-Manus region and in Vanuatu suggests much the same sort of distribution. New Caledonia may be another matter, but even there, Lapita is far from continuously distributed. Fiji or West Polynesia definitely seem different, as suggested by Anderson's (2001:17, For some years, numbers of Pacific researchers have been referring to Anthony's (1990) classic paper on migration in archaeology to 'explain' the rapid, leapfrogging dispersal of Lapita at the regional scale, though not, as far as I am aware, at the subregional scale considered immediately above. As Spriggs (1997:105) reminds us, Anthony noted that 'the archaeological signature of leapfrogging 'should resemble 'islands' of settlement in desirable or attractive locations, separated by significant expanses of unsettled, less desirable territory'. 'This,' Spriggs observed, 'is precisely the Lapita settlement pattern.' Like Spriggs and others including Anderson (e.g. 2001) , I have found Anthony's work very useful (Lilley 2004) . In the final analysis, however, it does not explain in any but the most general sense why the pattern of Lapita dispersal and settlement is as it is at any scale, rather than just giving us some terms in which to describe it. This is where fractal geometry and especially Lévy flights come in. A considerable amount of work has been done by biologists relating foraging search patterns to Lévy flights. Brown et al. (2007:130; see also Hecht 2005) cite studies showing that Lévy flights: are optimal search patterns for foragers searching for scarce targets that are randomly placed and can be visited any number of times ... It has been proposed that animal and insect foragers may perform Lévy flights because the probability of returning to a previously visited site is lower than for Brownian walks. Consequently, the number of newly visited sites is higher for Lévy flight searchers.
These sorts of findings led Brown and colleagues (2007) to analyse foraging patterns among San hunter-gatherers in southern Africa. The research found that these people use Lévy flight searches in their subsistence routines, and on that basis, operate at near-maximum search efficiency. This is not the place to wade into the 'strandlooper' debate surrounding Lapita colonisation (e.g. Anderson 2003a:76-78; Davidson and Leach 2001; Kirch and Green 2001:121; Valentin et al. 2007) , though the implications of the San research for this question should be apparent. Here, I would note instead that Brown et al. (2007) also briefly discuss human migration and cultural diffusion in this and their 2005 paper (also Ravilious 2006), referring explicitly to Anthony's work and his questioning of the conventional wave-of-advance model for the European Neolithic. In this connection, they (2007:135) note that it is not just leapfrogging per se that makes Lévy flights relevant to certain cases of human dispersal, but also the fact that 'Lévy flights can produce faster long-distance migration than Brownian motion because the latter will have few long jumps and many medium-length jumps, whereas the former will produce some surprisingly long leaps'. This is what I think might have been happening in the Lapita context in Near Oceania: People were using a pattern of movement we can now identify as a Lévy-flight distribution to search effectively and efficiently for particular sets of resources, moving in rapid and sometimes very long leaps between patches. These leaps occurred at the subregional as well as the regional levels, producing the subregional and regional patchiness sketched above. I hypothesize that this 'selfsimilarity' at regional and subregional levels is a reflection of the scale-invariance characteristic of fractal patterns. In the same vein, Anderson's two-part larger pattern distinguishing Lapita mobility in Near and Remote Oceania may be a supra-regional dimension of the same scaleinvariant phenomenon. In this view, his initial 'stable … [and] relatively sedentary' phase in Near Oceania would equate with the intense 'close-quarters' searching in a defined area, while the following 'unstable phase of high mobility' in Remote Oceania would equate at this scale with the Lévy 'leap' that resulted in the leapfrogging evident at regional and subregional scales. In short, it can be argued that the same two-part pattern applies to the Lapita dispersal in its entirety and at all scales of analysis.
Larger patterns
Interestingly, Anderson notes that there are also pauses and 'leaps' (if not leapfrogging) within Polynesia as well. On this basis, he (2001:21) asks whether the large-scale Lapita and Polynesian pulses he identifies might not be part of 'a progression of cyclic variation in mobility'. He (Anderson 2001:21) painted the scenario in this way:
Looking back … [along the entire] Austronesian expansion we see stable settlement in New Zealand preceded by rapid expansion into the outlying archipelagos, preceded by several hundred years of settlement stability in East Polynesia that had followed, in turn, a phase of rapid and far-reaching migration … Before that we had a long period of settlement stability in West Polynesia, preceded by the Lapita expansion and that in turn, perhaps, by an earlier cycle of expansion from the South China region.
Plainly, if my hypotheses are credible, there should be subregional pulses within the archipelagos of Polynesia (and indeed East and Southeast Asia and perhaps western Micronesia) of the same sort as those I have highlighted in Near Oceania. Considering this possibility in detail is beyond the scope of the present exploratory exercise, and I have not searched for any descriptions in the Polynesian literature of subregional movement that approximates a Lévy flight distribution. It should be borne in mind, though, that even if there are no such descriptions to be found, the quote from Brown et al. (2007) early in the chapter makes it clear that patterns that are actually fractal can be mistaken for Gaussian wave-of-advance distributions. The question thus remains open to empirical (re-)investigation. The same applies to East and Southeast Asia. This is not to say that such analysis will be straightforward. Recent detailed research by Ackland et al. (2007:8716) on wave-of-advance models explicitly considers the question of leapfrogging in the early European Neolithic, 'in which small isolated enclaves of farming were formed by small-scale, long-distance migration'. They found that 'the same distribution can be produced' with a minor variation in some basic demographic parameters of the wave-of-advance scenario and 'enhanced migration rates along major rivers'. The researchers point out that there are other instances, including the settlement of Crete by 8000 BP, in which 'water-borne travel' produces long-distance leaps within an overall wave-of-advance pattern. This suggests that travelling by water, indeed, dispersing through an island world such as the Indo-Pacific, might terra australis 29 produce a pattern of colonisation that appears to be a Lévy-flight distribution but in fact is still explicable as a Gaussian wave-of-advance.
This crucial point is a matter for empirical testing, to determine which dispersal model best fits the Pacific data. Of more interest to me at this tentative exploratory stage is not just that Lévy-flight research may give us a new label for particular distribution patterns, or even that it gives us the statistical tools to characterise them mathematically. Rather, as Brown and his colleagues put it (2005:67), Lévy-flight geometry also gives us the theory to 'understand the cultural dynamics that produced the patterns'. In other words, it has the potential to help us understand what might underlie the 'inherent trajectory of island colonisation' that Anderson has identified and I have discussed further in this paper.
Remember that fractal geometry is the geometry of complex non-linear systems. Nonlinear dynamics of various different kinds can generate fractal patterns. Two important sorts of non-linear systems are especially well known for generating fractal patterns: chaotic systems and self-organised systems. A system is chaotic if endpoints of trajectories of change that have very similar initial conditions diverge substantially. This basic characteristic of chaos only occurs in strongly non-linear systems, and on reflection, seems unlikely to apply to Lapita and even post-Lapita change, given the readily discernible similarities among Lapita and post-Lapita societies (Kirch 1997; Spriggs 1997) , interpretations like those of Bedford and Clark (2001) notwithstanding (see also Spriggs 2003) .
'Self-organised criticality' underpins another sort of complex non-linear system. Such systems evolve without external interference and trend towards the temporarily stable state of 'criticality'. The classic exemplar of this phenomenon is a pile of sand to which more sand is added one grain at a time. The slope of the pile will ultimately reach a critical state, its 'angle of repose', after which the addition of even one more grain of sand causes an 'avalanche'. This radical shift in system state is the same as the long jump in a Lévy flight, and conceptually is not dissimilar to the sudden shifts in evolutionary trajectories described by both punctuated equilibrium and catastrophe theory. Dramatic change can periodically result from even a minor perturbation if it prompts an avalanche that ramifies all the way through the interconnected elements of a system in a chain reaction. This is the proverbial 'butterfly effect' of chaos theory. Avalanches allow the system to evolve back to a critical state, where the renewed addition of more sand will eventually cause more avalanches. In other words, the system evolves back to marginal stability following perturbation, only to be 'reset' for another avalanche. Brown et al. (2005:69) note that the concept of self-organised criticality has been applied to various human social systems, particularly war and politics. Archaeologically, Bentley and Maschner (2001) have applied the idea to stylistic change in ceramics. This idea seems likely to repay application to questions to hand here. It may help explain how, when and why population 'jumps' occurred, prompted by variations in resource distribution/ecological pressure and/or sociopolitical perturbations such as internecine rivalries (e.g. Anderson 2003b Anderson :181-184, 2004 . Analysis of the sort undertaken by Bentley and Maschner (2001) may also help identify and explain patterns of ceramic and perhaps other cultural change that would illuminate aspects of the Lapita and wider Austronesian dispersal through the Asia-Pacific. While they (Bentley and Maschner 2001:61) note that 'the process of 'lumping' archaeological types and the incompleteness of the archaeological record may make self-organised criticality difficult to test with strictly archaeological data', they also argue that 'Artifact styles have irreversible histories, and with enough data, their descent should be traceable in a hierarchical pattern -patterns that can be seen as avalanches of causally-connected change' (Bentley and Maschner 2001:50) .
Specialist mathematical assessment will be required to distinguish between Lévy-flight distributions and the Gaussian waves of advance distorted by 'water-borne travel' suggested by Ackland et al. (2007) . In considering this question, we must, of course, address the vital matter of Lapita sailing technology, a constant theme in Anderson's work. This is because the maximum distance of any 'leap' (or shape of any distorted Gaussian wave) will to a large extent be a function of the sophistication of the watercraft being used. In the right conditions, a canoe with a sail can travel much further in a given period than one without. However, we already have the tools to produce the data needed for analyses like those advocated by Bentley and Maschner (2001) . For ceramics, we have research of the sort behind Dickinson's (2006) demonstration that some Lapita potters took what at first glance looks very much like a Lévy flight directly from Vanuatu to Tonga, despite the presence of the large and resource-rich islands of Fiji in between. Similar combinations of fine-grained stylistic analysis and petrographic sourcing should be able to link assemblages in the ramifying or hierarchical manner described by Bentley and Maschner, ultimately allowing us to very closely map the pattern of initial Lapita dispersal from the Bismarcks through Island Melanesia and West Polynesia. Similar studies should be possible with stone and perhaps certain other non-ceramic assemblages, too, deploying high-precision sourcing of the sort recently used in Collerson and Weisler's (2007) ground-breaking study of Polynesian trade. Appropriately applied, investigations such as these will help keep research into the Lapita dispersal at the forefront of studies of human population movement as the differences between fractal and Gaussian distributions are more thoroughly examined.
And the people behind the pot sherds?
There is one obvious implication of linking the process underlying Lapita dispersal through Near Oceania to that driving the initial movement of people through Remote Oceania, and then tying both to a larger process propelling the movement of Austronesian speakers out from East and Southeast Asia. This is that it 'dehumanises' our interpretation of Pacific prehistory by eliminating agency on the part of the colonisers and by denying the impact on the Lapita phenomenon of the populations that had lived in East and Southeast Asia and Near Oceania for tens of millennia before Austronesian speakers appeared on the scene. Such an implication may be thought to conflict with received archaeological wisdom. Propositions such as Green's (2000) influential 'intrusion, integration and innovation' ('Triple-I') model, for example, and my (1999, 2004 ) diaspora hypothesis hold that the Lapita phenomenon results directly from the interaction of new and existing populations in Near Oceania. Indeed, one of the most basic characteristics of the Lapita settlement pattern in the region, namely a predilection for small offshore islands, is seen to reflect the fact that the larger islands were already occupied (e.g. Spriggs 1995:126) . Lévy flight and similar sorts of processual models might even appear to ignore seemingly incontrovertible genetic evidence that intercourse between locals and settlers was biological as well as social (e.g. Oppenheimer 2003) . In fact, modelling of the sort explored above, like that investigated elsewhere by Anderson, does none of these things. It is all a matter of analytical scale, as Murray has recently reminded us (Lucas 2007:161-162) . It is inconceivable to me that existing populations in Near Oceania had no influence on short-to-medium-term events and processes at a local scale. Nor is it supportable at the level of the individual and the community to characterise Austronesian settlers as mindless automatons who were simply pushed and pulled around the place by large-scale biogeographical processes. It is clear to me, though, that the agency of individual social actors and the social relationships within and between particular communities are irrelevant at the level of geographical and chronological resolution we are dealing with here. We are considering the processes of population movement entailed in the settlement of vast areas over tens of generations. Recalling Braudel, I would argue in this context that intermediate-scale processes such as 'introduction, integration and innovation' or diaspora formation are what emerge when global processes impact on local events and individuals and communities have to contend with the impositions of the longue durée on everyday life. When dealing with the former rather than the latter, as Anderson usually does, the importance of any difference between migration and dispersal seems moot.
